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57 ABSTRACT 
An image data reconstructing method and apparatus, 
adaptive to both progressive and sequential image 
buildup modes, reconstructs an orthogonally trans 
formed image by dequantizing transform coefficients 
decoded from coded data of a continuous tone image, 
by causing the transform coefficients to have a common 
data structure through an attachment of a dummy signal 
representing a zero value DC element. The image data 
reconstructing method comprises a coded data decod 
ing step, a common data structure one-dimensional 
quantized transform coefficient creating step, a one-to 
two dimensional quantized transform coefficient trans 
forming step, a dequantization threshold storing step, 
and a two-dimensional quantized transform coefficient 
dequantizing step. The image date reconstructing appa 
ratus comprises a dummy signal generator for generat 
ing such dummy signals and a selector for selecting the 
dummy signals. 

20 Claims, 12 Drawing Sheets 
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IMAGE DATA PROGRESS VE 
RECONSTRUCTION METHOD AND APPARATUS 

This application is a continuation of application Ser. 
No. 07/743,140, filed Aug. 9, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to an image data reconstructing 
method and apparatus for reconstructing an image from 
coded data of a continuous tone image. More particu 
larly, it relates to an image data reconstructing appara 
tus and method for reconstructing by selecting sequen 
tial image buildup or progressive image buildup from 
coded data of a continuous tone image coded by the 
adaptive discrete cosine transform coding method. 

DESCRIPTION OF THE RELATED ART 

Conventionally, an adaptive discrete cosine trans 
form ceding method is used as a highly efficient method 
for compressing image data, for example. 
The following is a description of the adaptive discrete 

cosine transform coding method (, or the ADCT 
method in short). 
According to the ADCT method, images are divided 

into blocks comprising e.g. 8x8 picture elements. DCT 
coefficients expressing the distribution of space frequen 
cies are determined by performing two-dimensional 
discrete cosine transforms (hereafter abbreviated as 
DCTs) for the image signals from respective divided 
blocks. The image signals are coded by quantizing the 
DCT coefficients using thresholds corresponding to 
visual requirements, according to a Huffman table ob 
tained statistically from the quantized coefficients. 
FIG. 1 is a block diagram of a conventional coding 

circuit per the ADCT method. 
FIG. 2 shows exemplary data for an original image 

received by a conventional two-dimensional DCT unit. 
FIG. 3 shows exemplary DCT coefficients represent 

ing space frequency distributions. 
The coding operation per the ADCT method is de 

scribed below. 
A two-dimensional DCT unit 24 receives from an 

input terminal 23 sixty-four (64) image signals, such as 
those shown in FIG. 2, for a block comprising 8x8 
picture elements. By orthogonally transforming the 
received image signals, the two-dimensional DCT unit 
24 transforms them into coefficients having space fre 
quency distributions such as those shown in FIG. 3, 
thereby calculating DCT coefficients, and outputs them 
to a linear quantizer 25. 

FIG. 4 is a block diagram of the two-dimensional 
DCT unit 24. A one-dimensional DCT unit 30 performs 
one-dimensional DCTs for the image signals inputted 
from the input terminal 23, and a transposer 31 trans 
poses the matrix obtained from the one-dimensional 
DCT unit 30. Then, a one-dimensional DCT unit 32 
performs one dimensional DCTs, as with the one 
dimensional DCT unit 30 described earlier. As with the 
transposer 31 described earlier, a transposer 33 trans 
poses the matrix obtained at the one-dimensional DCT 
unit 32 and outputs it to a terminal 34. Through similar 
performances for all blocks of image blocks, the input 
ted image signals are transformed to the DCT coeffici 
ents 
FIG. 5 is a table of thresholds for quantizing DCT 

coefficients. 
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2 
FIG. 6 is a table of exemplary quantized DCT coeffi 

cients. 
Further explanation is made by referring back to 

FIG. 1. The linear quantizer 25 quantizes the inputted 
DCT coefficients by the quantization matrix 22 com 
prising the thresholds shown in FIG. 5 and determined 
biased on visual experimentation. The linear quantiza 
tion produces quantized coefficients such as those 
shown in FIG. 6, which indicate that the DCT coeffici 
ents smaller than thresholds become 0, thereby forming 
quantized coefficients in which the DC elements and 
only a few AC elements have non-zero values. 

Generally, the higher the visual sensitivities the 
lower the space frequencies are, and the lower the vi 
sual sensitivities the higher the space frequencies are. 
Therefore, as shown in FIG. 5, the absolute values of 
the quantization matrix elements, i.e. the thresholds for 
DCT coefficients corresponding to lower space fre 
quencies, are smaller, and the absolute values corre 
sponding to higher space frequencies are larger. Ac 
cordingly, as shown in FIG. 6, of quantized coefficients, 
only the DC element at the top left end and a very few 
AC elements representing low space frequency ele 
ments become significant coefficients having non-zero 
values, whereas all others become insignificant coeffici 
ents, in most cases. 

FIG. 7 shows the order of scanning the generated 
quantized coefficients (from the lower frequency ele 
ments to the higher frequency elements of the space 
frequencies). 
The linear quantizer 25 transforms the two-dimen 

sionally arrayed quantized coefficients into a one 
dimensional form according to the zigzag scanning 
order shown in FIG. 7 and outputs them to a variable 
length coder 26 in the next stage. 
Upon receipt of these quantized coefficients, the vari 

able length coder 26 codes the quantized coefficients by 
referring to a coding table 27 composed of a Huffman 
table created by statistical volumes for the respective 
images. As for their DC elements, the differences be 
tween the DC elements of the present and preceding 
blocks are coded in variable lengths. As for their AC 
elements, the values of the AC elements (hereafter re 
ferred to as indices) of significant coefficients (non-zero 
value coefficients) and the run lengths (hereafter re 
ferred to as runs) of the insignificant coefficients (zero 
value coefficients) are coded in variable lengths. The 
output terminal 28 sequentially outputs the coded data 
to the external units. 
Meanwhile, the coded data obtained by the coding 

circuit per the ADCT method are reconstructed as 
images according to the following method. 
FIG. 8 is a block diagram of a conventional decoding 

circuit per the ADCT method. 
A variable length decoder 41 receives the coded data 

inputted from an input terminal 40. The variable length 
decoder 41 decodes the received coded data into fixed 
length data of the indices and runs and outputs the 
decoded data to a dequantizer 43, according to a decod 
ing table 42 formed by a table which is the inverse of the 
Huffman table composing the coding table 27. 
On receiving the decoded data (the decoded quan 

tized coefficients), the dequantizer 43 restores the deq 
uantized DCT coefficients through a dequantization by 
multiplying the respective decoded data by the thresh 
olds stored at the corresponding positions in a quantiza 
tion matrix 48. The dequantizer 43 outputs the restored 
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dequantized DCT coefficients to a two-dimensional 
inverse DCT unit 44. 
The two-dimensional inverse DCT unit 44 orthogo 

nally transforms the received dequantized DCT coeffi 
cients into image signals indicating the distribution of 
the space frequencies. 
The two-dimensional inverse DCT unit 44 is ex 

plained in further detail. 
FIG. 9 is a block diagram of a conventional two-di 

mensional inverse DCT unit of an ADCT decoding 
circuit. 
A one-dimensional inverse dequantized DCT unit 51 

performs one-dimensional inverse DCTs for the DCT 
coefficients inputted from a terminal 50 and outputs 
them to a transposer 52. The transposer 52 transposes 
the matrix representing the outputs from the one 
dimensional inverse DCT unit 51. A one-dimensional 
inverse DCT unit 53 again performs one-dimensional 
inverse DCTs on the transposed matrix obtained from 
the matrix transposition at the transposer.52. As with 
the transposer 52, a transposer 54 transposes the matrix 
representing the outputs from the one-dimensional in 
verse DCT unit 53. A terminal 45 displays signals ob 
tained by these processes, thereby reconstructing the 
images. 
A conventional method for reconstructing coded 

data transformed by ADCT is the sequential image 
buildup which is the same as the sequential reconstruc 
tion method used for a generic hard copy communica 
tion in which an image is reconstructed from the top to 
the bottom. 

However, since the sequential reconstruction method 
takes a constant amount of time for reconstruction re 
gardless of the data volume, a progressive image 
buildup method is adopted for high-speed searching 
such as searching through a database, by which a rough 
image is reconstructed at an early stage, however, the 
image quality is bad, and the image quality, is improved 
gradually. 

FIG. 10 is a block diagram of a conventional dequan 
tizer. 

Since an ADCT needs to deal with two types of 
reconstructing methods which are sequential image 
buildup and progressive image buildup, a conventional 
dequantizer 43 is configured as shown in FIG. 10. 

In FIG. 10, a variable length decoder 41 decodes 
coded data inputted from an input terminal 60, and a 
sequential image buildup coefficient reconstructcr 62 
and a progressive image buildup coefficient reconstruc 
tor 63 receive the decoded one-dimensional quantized 
DCT coefficients, the dequantization of which is con 
trolled by a dequantization controller 66, according to a 
signal STA for specifying the kind of reconstructing 
method inputted from an input terminal 61. 
FIGS. 11A, 11B and 11C respectively show the data 

structures of conventional one-dimensional quantized 
DCT coefficients for use in a sequential image buildup, 
the first stage of a progressive image buildup and the 
second and later stages of a progressive image buildup. 
As shown in FIG. 11A, the one-dimensional quan 

tized DCT coefficients received by the sequential image 
buildup coefficient reconstructor 62 have a configura 
tion such that the head end of a block is always a DC 
element coefficient D5 and the rest comprises runs (R0 
and R5) and indices (I-2, I-3, ...). When the signal STA 
specifies sequential reconstruction, two-dimensional 
quantized DCT coefficients in all regions in a block are 
reconstructed from respective one-dimensional DCT 
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4. 
coefficients, selected by a selector 64 such as a multi 
plexer, and received and stored by a quantized coeffici 
ent storing unit 65. 
A multiplier 105 dequantizes quantized DCT coeffici 

ents stored in the quantized coefficient storing unit 65 
by sequentially multiplying them by quantization 
thresholds stored in the quantization threshold storing 
unit 2, which are outputted from an output terminal 67. 
FIG. 12 shows an example of dividing two-dimen 

sional quantized DCT coefficients into bands, i.e. one 
dimensional quantized DCT coefficient regions, in a 
progressive image buildup. 
As shown in FIG. 12, a block is divided into plural 

kinds of regions (hereafter referred to as "bands'), and 
the coefficients in a band are selected as significant 
coefficients, and all others are replaced by "0" in re 
spective stages of a progressive image buildup by 
ADCT. 
More concretely, when band 1 (having only a DC 

element) is selected in a first stage, since the inputted 
one-dimensional quantized DCT coefficients comprise 
only coefficients of the DC element, as shown in FIG. 
11B, and two-dimensional quantized DCT coefficients 
are reconstructed by setting the rest of the 8x8 two 
dimensional quantized DCT coefficients obtained by 
coding the 8x8 picture elements of a blockin animage, 
i.e. the sixty-three (63) AC element coefficients, to "0". 
When band 2 is selected in a second stage, since one 

dimensional quantized DCT coefficients comprise runs 
indicating the number of zeros and indices indicating 
the values of AC elements, as shown in FIG. 1C, coeffi 
cients in band 2 is reconstructed from respective coeffi 
cient values and coefficients in all other regions are set 
to 'O', thereby reconstructing two-dimensional quan 
tized DCT coefficients. 

Thereafter, similarly, coefficients in bands corre 
sponding to respective stages are reconstructed as sig 
nificant coefficients, and coefficients in all other regions 
are set to "0", thereby reconstructing two-dimensional 
quantized DCT coefficients. 
The progressive coefficient reconstructor 63 per 

forms the following operations for a progressive image 
buildup. When the dequantization controller 66 selects a 
progressive image buildup, a coefficient reconstructor 
71 in the progressive coefficient reconstructor 63 re 
ceives one-dimensional quantized DCT coefficients 
according to the stage number PST of the specified 
progressive image buildup, and reconstructs two-di 
mensional quantized DCT coefficients according to 
methods corresponding to respective stages. An address 
generator 72 generates two-dimensional addresses for 
the head end and tail end of the respective reconstruc 
tion stages. A mask processor 73 masks coefficients in 
regions other than the generated addresses to “0”. The 
selector 64 selects two-dimensional quantized DCT 
coefficients in all regions in a block. The quantized 
coefficient storing unit 65 receives the two-dimensional 
quantized DCT coefficients selected by the selector 64. 
That is, the quantized coefficient storing unit 65 stores 
the two-dimensional quantized DCT coefficients out 
putted from the progressive coefficient reconstructor 
63. 
The multiplier 105 sequentially reads the two-dimen 

sional quantized coefficients stored in the quantized 
coefficient storing unit 65 and multiplies them by quan 
tization thresholds stored in the quantization threshold 
storing unit 2, thereby dequantizing them, and output 
ting the result to the terminal 67. 
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Thus, a dequantization according to either sequential 
image buildup or progressive image buildup is per 
formed. 

However, a conventional image data reconstructing 
method or apparatus for performing both sequential 
image buildup and progressive image buildup such as 
the one described above has a problem of the circuit size 
being larger than the circuit size of a circuit correspond 
ing to only the image buildup method, because it re 
quires separate dequantizing circuits for sequential 
image buildup and progressive image buildup, controls 
operations of the circuit corresponding to the selected 
reconstruction method, and selects obtained DCT coef 
ficients. 

SUMMARY OF THE INVENTION 

This invention relates to an image data reconstructing 
method and apparatus for reconstructing an image from 
coded data of a continuous tone image. More particu 
larly, it relates to an image lata reconstructing appara 
tus and method for reconstruction by selecting sequen 
tial image buildup or progressive image buildup, from 
coded data of a continuous tone image, coded by the 
adaptive discrete cosine transform coding method. 

It aims at downsizing the image data reconstructing 
circuit by standardizing the data structure of the quan 
tized DCT coefficients in a sequential image buildup 
with that of the data structure in a progressive image 
buildup. 

Hence, when the coded data do not have the DC 
element difference between the current block and the 
preceding block, this invention causes dummy signals 
indicating zero value DC elements to be attached to the 
head ends of data structures of quantized DCT coeffici 
ents having only AC elements in the second and later 
stages of a progressive image buildup, so that such 
quantized DCT coefficients have the same data struc 
ture as the quantized DCT coefficients in the first stage 
of a progressive image buildup having the DC element. 
A feature of this invention resides in an image data 

reconstructing method comprising a coded data decod 
ing step, a common data structure one-dimensional 
quantized DCT coefficient creating step, a one-to-two 
dimensional quantized DCT coefficient transforming 
step, a dequantization threshold storing step, and a two 
dimensional quantized DCT coefficient dequantizing 
step. 
Another feature of this invention resides in an image 

data reconstructing apparatus embodying the above 
method. The crucial distinction of such an apparatus 
includes a dummy signal generator for generating such 
dummy signals and a selector for selecting the dummy 
signals. Since the data structure of the quantized DCT 
coefficients in the first stage has the DC element at the 
head end and an end-of-block signal REOB at the tail 
end as with the data structure of quantized DCT coeffi 
cients in a sequential image buildup, a common dequan 
tizer adaptively performs a sequential image buildup 
and a progressive image buildup. Such dummy signals 
the selector selects can be either dummy coded data or 
the dummy decoded data being zero value DCT coeffi 
cients. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a coding circuit per the 
ADCT method; 
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6 
FIG. 2 is a table of exemplary data for an original 

image received by a conventional two-dimensional 
DCT unit; 
FIG. 3 is a table of exemplary DCT coefficients rep 

resenting space frequency distributions; 
FIG. 4 is a block diagram of a conventional two-di 

mensional DCT unit; 
FIG. 5 is a table of thresholds for quantizing DCT 

coefficients; 
FIG. 6 is a table of quantized DCT coefficients; 
FIG. 7 is a diagram illustrating the order of zigzag 

scanning of the generated quantized coefficients; 
FIG. 8 is a block diagram of a conventional decoding 

circuit per the ADCT method; 
FIG. 9 is a block diagram of a conventional two-di 

mensional inverse DCT unit of an ADCT decoding 
circuit; 

FIG. 10 is a block diagram of a conventional dequan 
tizer; 
FIG. 11A, 11B and 11C are diagrams of the conven 

tional data structures of one-dimensional quantized 
DCT coefficients for use in a sequential image buildup, 
the first stage of a progressive image buildup and the 
second and later stages of a progressive image buildup, 
respectively; 

FIG. 12 is a diagram an example of dividing two-di 
mensional quantized DCT coefficients into bands, i.e. 
one-dimensional quantized DCT coefficient regions, in 
a progressive image buildup; 

FIG. 13A, 13B and 13C are diagrams of the data 
structures of one-dimensional quantized DCT coeffici 
ents for use in a sequential image buildup, the first stage 
of a progressive image buildup and the second and later 
stages of a progressive image buildup, respectively; 
FIG. 14 is a block diagram of an embodiment of this 

invention; 
FIG. 15 is a flowchart showing the control logic of a 

dequantization controller for use in a progressive image 
buildup; and 

FIG. 16 is a block diagram of an image data recon 
structing circuit for reconstructing image data from the 
decoded dequantized DCT coefficients outputted from 
the dequantizer shown in FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 13A, 13B and 13C respectively show the data 
structures of one-dimensional quantized DCT coeffici 
ents for use in a sequential image buildup, the first stage 
of a progressive image buildup and the second and later 
stages of a progressive image buildup. 
The embodiment relates to an image data recon 

structing apparatus and method for reconstructing an 
image from coded data obtained by coding quantized 
coefficients, which are obtained by quantizing DCT 
coefficients obtained by performing two-dimensional 
discrete cosine transforms on the gradient values of 
plural picture elements in respective blocks each com 
prising a plurality (NXN; where N is a positive integer) 
of picture elements from an original image, in which 
either the sequential image buildup mode for sequen 
tially building up images or the progressive image 
buildup mode for progressively building up fine images 
from rough images is selected. 
This invention configures such an image data recon 

structing method to comprise a first step of decoding 
coded data into one-dimensional quantized DCT coeffi 
cients, a second step of creating one-dimensional quan 
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tized DCT coefficients having a common data structure 
comprising a DC element coefficient at the head end as 
well as a run RM specifying the number of zeros and an 
index I specifying non-zero AC elements for use by 
both the sequential image buildup mode (FIG. 13A) and 
the progressive image buildup mode (FIG.S. 13B and 
13C), a third step of transforming the one-dimensional 
quantized DCT coefficients created in the second step 
into two-dimensional quantized DCT coefficients, a 
fourth step of storing thresholds for dequantizing quan 
tized DCT coefficients into dequantized DCT coeffici 
ents, and a fifth step of dequantizing the two-dimen 
sional quantized DCT coefficients obtained in the third 
step by applying the thresholds stored in the fourth step, 
wherein the thresholds stored in the fourth step sequen 
tially dequantize the quantized DCT coefficients cre 
ated in the second and third steps regardless of the 
image buildup mode in the fifth step. 

Here, the second step also adds dummy signals to the 
head ends of the one-dimensional quantized DCT coef 
ficients for the second and later stages decoded in the 
first step during a progressive image buildup. The 
dummy signals are DCT coefficients having zero val 
eS. 

FIG. 14 is a block diagram of an embodiment of this 
invention. 

This invention configures an image data reconstruct 
ing apparatus (FIG. 14) to comprise a dequantization 
controller 83 for selecting either the sequential image 
buildup mode for sequentially reconstructing an image 
or the progressive image buildup mode for progres 
sively reconstructing a fine image from a rough image, 
a variable length decoder 80 for decoding coded data 
into one-dimensional quantized DCT coefficients, a 
quantized coefficient creator 82 for creating from one 
dimensional quantized DCT coefficients decoded by 
the variable length decoder 80 one-dimensional quan 
tized DCT coefficients having a common data structure 
for both the sequential image buildup mode and the 
progressive image buildup mode, a quantized coeffici 
ent receptor 84 for transforming one-dimensional quan 
tized DCT coefficients into two-dimensional quantized 
DCT coefficients and for storing the latter, a quantiza 
tion threshold storing unit 85 for storing thresholds for 
dequantizing quantized DCT coefficients, and a multi 
plier 86 for dequantization by multiplying two-dimen 
sional quantized DCT coefficients stored in the quan 
tized coefficient receptor 84 by the thresholds stored in 
the quantization threshold storing unit 85, wherein one 
dimensional quantized DCT coefficients having a data 
structure common to both the sequential image buildup 
mode and the progressive image buildup mode are cre 
ated for a specification of either one. 

Here, the quantized coefficient creator 82 has a 
dummy signal generator 88 for generating dummy sig 
nals, which are DCT coefficients having zero values, to 
be attached to the head ends of the one-dimensional 
quantized DCT coefficients decoded by the variable 
length decoder 80 during a progressive image buildup. 

Also, the quantized coefficient creator 82 has a selec 
tor 81, which may be a multiplexer, for selecting the 
one-dimensional quantized DCT coefficients from the 
variable length decoder 80 and dummy signals from the 
dummy signal generator 88. When the dequantization 
controller 83 specifies a progressive image buildup, the 
selector 81 attaches dummy signals to the head ends of 
one-dimensional quantized DCT coefficients outputted 
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from the quantized coefficient creator 82 in the second 
and later stages. 
The image data reconstructing method and apparatus 

of this invention configured as above has a common 
dequantizing circuit to adaptively dequantize two-di 
mensional quantized DCT coefficients obtained by uni 
fying the data structures of decoded one-dimension 
quantized DCT coefficients in both the sequential 
image buildup mode and the progressive image buildup 
mode, thereby eliminating the necessity for having sep 
arate circuits respectively for the either mode. 
The following is a further explanation of the image 

data reconstructing method and apparatus of this inven 
tion by referring to FIG. 14. 
The dequantizing circuit shown in FIG. 14 is used 

when coded data obtained by an ADCT coding circuit 
as shown in FIGS. 1 and 2 is used for an image recon 
struction. The two-dimensional inverse DCT unit 44 
shown in FIG. 8 receives the outputs from the dequan 
tizing circuit illustrated in FIG. 14. 

In FIG. 14, the variable length decoder 80 decodes 
coded data inputted from an input terminal 87 to one 
dimensional quantized DCT coefficients and outputs 
them to the selector 81. The dummy signal generator 88 
constantly outputs to the selector 81 dummy signals, 
which become a dummy signal "D0' indicating that the 
DC elements at the head ends of one-dimensional quan 
tized DCT coefficients have zero values. The dequanti 
zation controller 83 as a reconstruction mode specifier 
outputs a selection signal SEL to the selector 81 en 
abling the selector 81 to selectively output signals from 
the variable length decoder 80 and the dummy signal 
generator 88. The dequantization controller 83 receives 
a specification signal STA specifying either the sequen 
tial image buildup mode or the progressive image 
buildup mode from an input terminal 89. 
When the sequential image buildup mode is specified, 

the dequantization controller 83 instructs the selector 81 
to constantly select decoded signals from the variable 
length decoder 80. 
The quantized coefficient receptor 84 sequentially 

receives one-dimensional quantized DCT coefficients 
decoded from coded data by the variable length de 
coder 80 and selected by the selector 81 and recon 
structs them to two-dimensional quantized DCT coeffi 
cients in a predetermined manner. 
That is, one-dimensional quantized DCT coefficients 

outputted from the variable length decoder 80 such as 
shown in FIG. 13A are transformed to two-dimensional 
quantized DCT coefficients in the following manner. 
As for the DC element in FIG. 13A, since the value DL 
at the head end represents DC element codes in a vari 
able length indicating the difference from the DC ele 
ment in the preceding block, the DC element coefficient 
is obtained by adding the difference to the DC element 
reconstructed in the preceding block. As for AC ele 
ments, since the run RM indicates the number of zeros 
in succession, the AC element coefficients are stored 
next as indices I, I2, ..., N. 
As a result, the quantized coefficient receptor 84 has 

a circuit configuration equivalent to combining both the 
sequential coefficient reconstructor 62 and the quantiza 
tion coefficient storing unit 65 illustrated in prior art 
F.G. 10. 
The multiplier 86 reads two-dimensional quantized 

DCT coefficients for a block stored in the quantized 
coefficient receptor 84 to be multiplied by the quantiza 
tion thresholds stored in the quantization threshold 
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storing unit 85 for dequantization and then output ted 
from an output terminal 91. 
On the other hand, when the progressive image 

buildup mode is specified, since the data structure of 
one-dimensional quantized DCT coefficients decoded 
by the variable length decoder 80 for the first stage is 
such that the head end has a value DL specifying the 
DC element, as shown in FIG. 13B, the data structure is 
the same as that for the sequential image buildup mode 
shown in FIG. 13A. The selector 81 selects outputs 
from the variable length decoder 80 and supplies them 
to the quantized coefficient receptor 84 for dequantiza 
tion with the same processing as that for the sequential 
image buildup mode. 
As illustrated in FIG. 11C, in and after the second 

stage, the data structure of the one-dimensional quan 
tized DCT coefficients decoded by the variable length 
decoder 80 does not have the value indicating a DC 
element at the head end and is different from that for the 
sequential image buildup mode. Therefore, this inven 
tion causes the dequantization controller 83 in the sec 
ond and later stages to instruct the selector 81 to select 
dummy signals outputted from the dummy signal gener 
ator 88 at the timings for reading head ends and to 
output the dummy signals to the quantized coefficient 2 
receptor 84. This processing makes the data structure of 
the one-dimensional quantized DCT coefficients, as 
shown in FIG. 13C, which the quantized coefficient 
receptor 84 receives to be such that the head end be 
comes a DC element as with the data structure shown in 
FIG. 13A for the sequential image buildup mode, so 
that one-dimensional quantized DCT coefficients have 
the data structure enabling them to be dequantized in 
the same manner whether the image reconstruction is in 
the sequential image buildup mode or in the progressive 
image buildup mode. 
By repeating the dequantization for a whole image in 

block units, dequantized DCT coefficients are recon 
structed from quantized coefficients for the whole im 
age. 
FIG. 15 is a flowchart showing the controls by the 

dequantization controller 83 described earlier. 
After an image buildup starts, step S1 begins. Step S1: 

The dequantization controller 83 determines whether 
the image reconstruction is in the sequential image 
buildup mode or in the progressive image buildup 
mode, upon receiving the specification signal STA. 
When the image reconstruction is determined to be in 

the sequential image buildup mode, the control pro 
ceeds to step S2. 
When the image reconstruction is determined to be in 

the progressive image buildup mode, the control pro 
ceeds to step S3. 

Step S2: Since the image data is reconstructed in a 
single pass, the dequantization controller 83 out 
puts to the selector 81 a selection signal SEL in 
structing the selector 81 to select one-dimensional 
quantized DCT coefficients decoded by the vari 
able length decoder 80. This causes the output 
terminal 91 to output two-dimensional dequantized 
DCT coefficients in the sequential image buildup 
mode. 

Step S3: It is judged whether or not the progressive 
image buildup is in the first stage. 

If the decision is affirmative, the control proceeds to 
step S2. Since the data structure in the first stage of the 
progressive image buildup, e.g. having only a DC ele 
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10 
ment and others being all zero, is the same as that of the 
sequential image buildup, step S2 is executed. 

If the decision is negative, the control proceeds to 
step S4. 

Step S4: The dequantization controller 83 outputs the 
selection signal SEL to the selector 81 instructing it 
to select the dummy signal "D0' generated by the 
dummy signal generator 88. The selector 81 in turn 
outputs the dummy signal "D0' to the the quan 
tized coefficient receptor 84. 

Step S5: Then, the dequantization controller 83 out 
puts the selection signal SEL to the selector 81 
instructing it to select outputs from the variable 
length decoder 80. This change in selection causes 
the selector 81 to output signals having the data 
structure shown in FIG. 13C. 

A repetition of the above steps completes the controls 
for processing a whole image in the sequential image 
buildup mode or each stage in the progressive image 
buildup mode until a detailed whole image is obtained. 

Regardless of the stage of the progressive image 
buildup, the data structure of the signals, outputted 
from the selector 81 under control of the dequantization 
controller 83, comprises the difference from the preced 

5 ing block or its dummy signal "D0” at the head end, 
runs RM and indices IN. When an image is recon 
structed from the data structure, conventionally, the 
kinds of the data structures need to be decided first and 
dequantization needs to be performed according to the 
image buildup modes. However, since this invention 
configures the same circuit to dequantize decoded DCT 
coefficients, it eliminates the necessity for such a deci 
SO. 

In a progressive image buildup, image data are recon 
structed in stage units from DCT coefficients outputted 
from the multiplier 86 reconstructed also in stage units. . 
After the first stage, the newly reconstructed image 
data are added to the hitherto reconstructed image data 
to obtain image data more closely representing the orig 
inal image. 
As described above, this invention enables a single 

common circuit to adaptively dequantize decoded one 
dimensional quantized DCT coefficients having a data 
structure corresponding to either the sequential image 
buildup mode or the progressive image buildup mode, 
thereby enabling the circuit to be downsized. 

FIG. 16 is a block diagram of an image data recon 
structing circuit for reconstructing image data from the 
decoded dequantized DCT coefficients outputted from 
the dequantizer shown in FIG. 14. A system controller 
95 outputs to the dequantization controller 83 the speci 
fication signal STA specifying the sequential image 
buildup or the progressive image buildup, and controls 
an image storing unit 96 and an adder 97. 
The two-dimensional inverse DCT unit 44 performs 

inverse DCTs on decoded dequantized DCT coeffici 
ents supplied through the output terminal 91 into recon 
structed image data, which have two kinds. Image data 
DA will be used to refer to one kind of data for the 
sequential image buildup and the progressive image 
buildup in the first stage. Image dataDB will be used to 
refer to the other kind of data for the progressive image 
buildup in the second and later stages. 
The system controller 95 constantly keeps track of 

which kind of image data is outputted from the two-di 
mensional inverse DCT unit 44. 

In the case of image data DA, the system controller 
95 halts the operations of the adder 97, and causes the 
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image storing unit 96 to receive and store outputs from 
the two-dimensional inverse DCT unit 44 'as is' at the 
storage addresses the system controller 95 specifies. 

In the case of image data DB, the system controller 
95 activates the operations of the adder 97, so that the 
newly inputted image data DB is added to the corre 
sponding image data hitherto accumulated in the image 
storing unit 96, then stores the result in the same image 
storing unit 96. 
The adder 97 adds image data received after stage 1 

in a progressive image buildup to the image data hith 
erto accumulated in the image storing unit 96 for fine 
tuning the reconstructed image. 

FIG. 16 shows a configuration in which the system 
controller 95 halts the operations of the adder 97 and 
causes the image storing unit 96 to store the outputs 
from the two-dimensional inverse DCT unit 44 “as is'. 
However, an embodiment of this invention can adopt a 
configuration such that the system controller 95 clears 
the image data stored in the image storing unit 96. 
Although the image data reconstructing method and 

apparatus described in the above embodiments assume 
dummy signals or decoded data are selected, it is possi 
be configure them to select dummy signals or coded 
data before being decoded. 
Although the image data reconstructing method and 

apparatus described in the above embodiments assume 
image processing through two-dimensional discrete 
cosine transforms, this invention is also applicable to 
image processing through other methods of orthogonal 
transforms. 
What is claimed is: 
1. An image data reconstructing apparatus, for recon 

structing an image from coded data obtained by coding 
quantized coefficients, which are obtained by quantiz 
ing transform coefficients obtained by an orthogonal 
transform of gradient values of plural picture elements 
in respective blocks comprising a plurality of picture 
elements of an original image, the image reconstructed 
by progressively building up from rough images in a 
first stage to finer images in second and later stages of a 
progressive image buildup mode, said image data recon 
structing apparatus comprising: , 
a dummy data generator for generating dummy data; 
a selector, coupled to said dummy data generator, for 

selecting one of said dummy data and said coded 
data; 

a first controllers, coupled to said selector, for having 
said selector select only the coded data in the first 
stage, and said dummy data and then the coded 
data in the second and later stages; and 

a second controller, coupled to said selector, for ac 
cumulating a reconstructed image in the first and 
later stages, and outputting the reconstructed 
image as image data. 

2. The image data reconstructing apparatus accord 
ing to claim 1, wherein: 

said coded data for each of the second and later stages 
include a run indicating a number of zero value AC 
element coefficients and an index indicating a value 
of a non-zero value AC element coefficient of a 
current block; and 

said coded data for the first stage include a difference 
of a DC element coefficient of the current block 
from the DC element of a preceding block, as well 
as the run indicating the number of zero value AC 
element coefficients and the index indicating the 
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12 
value of the non-zero value AC element coefficient 
of the current block. 

3. The image data reconstructing apparatus accord 
ing to claim 1, wherein: 

said dummy data indicates a DC element coefficient 
is zero. 

4. The image data reconstructing apparatus accord 
ing to claim 2, wherein: 

said orthogonal transform is a two-dimensional dis 
crete cosine transform; and 

said transform coefficients are DCT coefficients. 
5. The image data reconstructing apparatus accord 

ing to claim 3, wherein: 
said orthogonal transform is a two-dimensional dis 

crete cosine transform; and 
said transform coefficients are DCT coefficients. 
6. The image data reconstructing apparatus accord 

ing to claim 1, wherein: 
said orthogonal transform is a two-dimensional dis 

crete cosine transform; and 
said transform coefficients are DCT coefficients. 
7. An image data reconstructing apparatus, for recon 

structing an image from coded data obtained by coding 
quantized coefficients, which are obtained by quantiz 
ing transform coefficients obtained by orthogonally 
transforming the gradient values of plural picture ele 
ments in respective blocks each comprising a plurality 
of picture elements divided from an original image, 
using one of a sequential image buildup mode for se 
quentially building up images and a progressive image 
buildup mode in a plurality of stages for progressively 
building up fine images from rough images is selected, 
said image data reconstructing apparatus comprising: 

a dequantization controller as an image buildup mode 
specifier for selecting one of a sequential image 
buildup mode for sequentially reconstructing an 
image and a progressive image buildup mode for 
progressively reconstructing a fine image from a 
rough image; 

a variable length decoder for decoding coded data 
into one-dimensional quantized transform coeffici 
ents; 

a quantized coefficient creator for creating from one 
dimensional quantized transform coefficients de 
coded by said variable length decoder one 
dimensional quantized transform coefficients hav 
ing a common data structure for both the sequential 
image buildup mode and the progressive image 
buildup mode, including a dummy signal generator 
for generating dummy signals to prepend to data 
structures of said one-dimensional quantized trans 
form coefficients decoded by said variable length 
decoder during progressive image buildup; 

a quantized coefficient receptor for transforming 
one-dimensional quantized transform coefficients 
into two-dimensional quantized transform coeffici 
ents and for storing the latter; 

a quantization threshold storing unit for storing 
thresholds for dequantizing quantized transform 
coefficients; 

a multiplier as a dequantization calculator for multi 
plying for dequantizations two-dimensional quan 
tized orthogonal transform coefficients stored in 
said quantized coefficient receptor by said thresh 
olds stored in said quantization threshold storing 
unit; and 

accumulating means for outputting image data after 
accumulating images reconstructed in the first and 
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later stages when the progressive image buildup 
mode is entered, the one-dimensional quantized 
transform coefficients having a common data struc 
ture for both the sequential image buildup mode 
and the progressive image buildup mode and being 
created for a specification of either one. 

8. The image data reconstructing apparatus accord 
ing to claim 7, wherein: 

said orthogonal transform is a two-dimensional dis 
crete cosine transform; and 

said transform coefficients are DCT coefficients. 
9. An image data reconstructing method for recon 

structing an image from coded data obtained by coding 
quantized coefficients, which are obtained by quantiz 
ing transform coefficients obtained by orthogonally 
transforming the gradient values of plural picture ele 
ments in respective blocks each comprising a plurality 
of picture elements divided from an original image, 
using one of a sequential image buildup mode for se 
quentially building up images and a progressive image 
buildup mode for progressively building up in a plural 
ity of stages fine images from rough images, said image 
data reconstructing method comprising the steps of: 

(a) decoding coded data into one-dimensional quan 
tized transform coefficients; 

(b) creating one-dimensional quantized transform 
coefficients having a common data structure for 
use by both the sequential image buildup mode and 
the progressive image buildup mode, including 
prepending dummy signals decoded in step (a) 
during a progressive image buildup to the one 
dimensional quantized transform coefficients for 
stages after a first stage; 

(c) transforming said one-dimensional quantized 
transform coefficients created in step (b) into two 
dimensional quantized transform coefficients; 

(d) storing thresholds in preparation for dequantizing 
quantized transform coefficients into dequantized 
transform coefficients; 

(e) dequantizing said two-dimensional quantized 
transform coefficients obtained in step (c) by said 
thresholds stored in step (d), the thresholds stored 
in step (d) being used to sequentially dequantize 
said quantized transform coefficients created in 
steps (b) and (c) regardless of which image buildup 
mode is selected in step (e); and 

(f) outputting image data after accumulating image 
reconstructed in the first and later stages when the 
progressive image buildup mode is selected. 

10. The image data reconstructing method according 
to claim 9, wherein: 

said orthogonal transform is a two-dimensional dis 
crete cosine transform; and 

said transform coefficients are DCT coefficients. 
11. An image data reconstructing apparatus, for re 

constructing an image from coded data obtained by 
coding quantized coefficients, which are obtained by 
quantizing transform coefficients obtained by orthogo 
nally transforming the gradient values of plural picture 
elements in respective blocks each comprising a plural 
ity of picture elements divided from an original image in 
which either the sequential image buildup mode for 
sequentially building up images or the progressive 
image buildup mode for progressively building up fine 
images from rough images is selected; 

said image data reconstructing apparatus comprising: 
a dequantization controller as an image buildup 
mode specifier for selecting either the sequential 
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image buildup mode for sequentially recon 
structing an image or the progressive image 
buildup mode for progressively reconstructing a 
fine image from a rough image; 

a variable length decoder for decoding coded data 
into one-dimensional quantized transform coeffi 
cients; 

a quantized coefficient creator for creating from 
one-dimensional quantized transform coeffici 
ents decoded by said variable length decoder 
one-dimensional quantized transform coeffici 
ents having a common data structure for both 
the sequential image buildup mode and the pro 
gressive image buildup mode, including: 

a dummy signal generator for generating dummy 
signals to be attached to the head ends of data 
structures of said one dimensional quantized 
transform coefficients decoded by said variable 
length decoder during a progressive image 
buildup and 

a selector, which may be a multiplexer, for select 
ing the one dimensional quantized transform 
coefficients from said variable length decoder 
and dummy signals from said dummy signal gen 
erator; 

a quantized coefficient receptor for transforming 
one-dimensional quantized transform coeffici 
ents into two-dimensional quantized transform 
coefficients and for storing the latter; 

a quantization threshold storing unit for storing 
thresholds for dequantizing quantized transform 
coefficients; and 

a multiplier as a dequantization calculator for mul 
tiplying for dequantizations two-dimensional 
quantized orthogonal transform coefficients 
stored in said quantized coefficient receptor by 
said thresholds stored in said quantization thresh 
old storing unit: 

wherein: 
one-dimensional quantized transform coefficients 

having a data structure common to both the se 
quential image buildup mode and the progressive 
image buildup mode are created for a specification 
of either one, and 

when said dequantization controller specifies a pro 
gressive image buildup, said selector attaches 
dummy signals to the head ends of data structures 
of one-dimensional quantized transform coeffici 
ents outputted from said variable length decoder in 
the second and later stages. 

12. The image data reconstructing apparatus accord 
ing to claim 11, wherein: 

said orthogonal transform is a two-dimensional dis 
crete cosine transform; and 

said transform coefficients are DCT coefficients. 
13. An image data reconstructing apparatus, for re 

constructing an image from coded data obtained by 
coding quantized coefficients, which are obtained by 
quantizing transform coefficients obtained by orthogo 
nally transforming the gradient values of plural picture 
elements in respective blocks each comprising a plural 
ity of picture elements divided from an original image, 
in which either the sequential image buildup mode for 
sequentially building up images or the progressive 
image buildup mode for progressively building up fine 
images from rough images is selected: 

said image data reconstructing apparatus comprising: 
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a dequantization controller as an image buildup 
mode specifier for selecting either the sequential 
image buildup mode for sequentially recon 
structing an image or the progressive image 
buildup mode for progressively reconstructing a 
fine image from a rough image; 

a variable length decoder for decoding coded data 
into one-dimensional quantized transform coeffi 
cients; 

a quantized coefficient creator for creating from 
one-dimensional quantized transform coeffici 
ents decoded by said variable length decoder 
one-dimensional quantized transform coeffici 
ents having a common data structure for both 
the sequential image buildup mode and the pro 
gressive image buildup mode and having a 
dummy signal generator for generating dummy 
signals to be attached to the head ends of data 
structures of said one-dimensional quantized 
transform coefficients decoded by said variable 
length decoder during a progressive image 
buildup; 

a quantized coefficient receptor for transforming 
one-dimensional quantized transform coeffici 
ents into two-dimensional quantized transform 
coefficients and for storing the latter; 

a quantization threshold storing unit for storing 
thresholds for dequantizing quantized transform 
coefficients; and 

a multiplier as a dequantization calculator for mul 
tiplying for dequantizations two-dimensional 
quantized orthogonal transform coefficients 
stored in said quantized coefficient receptor by 
said thresholds stored in said quantization thresh 
old storing unit: 

wherein: 
one-dimensional quantized transform coefficients 
having a data structure common to both the se 
quential image buildup mode and the progressive 
image buildup mode are created for a specification 
of either one. 

14. The image data reconstructing apparatus accord 
ing to claim 13, wherein: 
dummy signals generated by said dummy signal gen 

erator are transform coefficients having zero val 
6S. 

15. The image data reconstructing apparatus accord 
ing to claim 14, wherein: 

said orthogonal transform is a two-dimensional dis 
crete cosine transform; and 
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said transform coefficients are DCT coefficients. 
16. The image data reconstructing apparatus accord 

ing to claim 13, wherein: 
said orthogonal transform is a two-dimensional dis 

crete cosine transform; and 
said transform coefficients are DCT coefficients. 
17. An image data reconstructing method for recon 

structing an image from coded data obtained by coding 
quantized coefficients, which are obtained by quantiz 
ing transform coefficients obtained by orthogonally 
transforming gradient values of plural picture elements 
in respective blocks formed of a plurality of picture 
elements in an original image, using one of a sequential 
image buildup mode for sequentially building up images 
and a progressive image buildup mode for progressively 
building up fine images from rough images, said image 
data reconstructing method comprising the steps of: 

(a) decoding coded data into one-dimensional quan 
tized transform coefficients; 

(b) creating one-dimensional quantized transform 
coefficients having a common data structure for 
use by both the sequential image buildup mode and 
the progressive image buildup mode, including 
prepending dummy signals decoded in step (a) 
during a progressive image buildup to the one 
dimensional quantized transform coefficients for 
stages after a first stage; 

(c) transforming the one-dimensional quantized trans 
form coefficients created in step (b) into two-di 
mensional quantized transform coefficients; 

(d) storing thresholds in preparation for dequantizing 
quantized transform coefficients into dequantized 
transform coefficients; and 

(e) sequentially dequantizing the two-dimensional 
quantized transform coefficients obtained in step 
(c) using the thresholds stored in step (d) regardless 
of which image buildup mode is used. 

18. The image data reconstructing method according 
to claim 17, wherein: said dummy signals are transform 
coefficients having zero values. 

19. The image data reconstructing method according 
to claim 18, wherein: 

said orthogonal transform is a two-dimensional dis 
crete cosine transform; and 

said transform coefficients are DCT coefficients. 
20. The image data reconstructing method according 

to claim 17, wherein: 
said orthogonal transform is a two-dimensional dis 

crete cosine transform; and 
said transform coefficients are DCT coefficients. 
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